The interaction between laser light and a mechanical oscillator, such as a movable mirror, can be used to control light's quantum properties for a number of applications. One coveted function of this optomechanical interaction is the generation of squeezed states of light. These are quantum states of light that are engineered to be less noisy than light limited by shot noise, which is the result of fluctuations that come from the discrete particle nature of photons. In Physical Review X, Tom Purdy and colleagues at the University of Colorado, Boulder, demonstrate that light can be squeezed by having it interact with a small, vibrating ceramic membrane [1] . Their result represents the greatest suppression of noise in a light beam using an optomechanical setup, and it could lead to more sensitive optical interferometry for applications in biology and the detection of gravitational waves.
Heisenberg's uncertainty principle says it is impossible to measure two complementary observables, such as the position and momentum of a particle, with arbitrary precision. In the case of light, the uncertainty principle prohibits a perfectly precise measurement of both the amplitude and phase of a light beam, requiring that the product of the two uncertainties be greater thanh/2 (in properly normalized units.)
There are different ways to work within the limits of the uncertainty principle to perform low-noise experiments with light. One strategy is a shot-noise-limited measurement, in which a laser light beam is prepared in a coherent state, with equal uncertainties in the amplitude and phase of the light. In contrast, a squeezed state is a specially engineered quantum state where the uncertainty in one quantity (say, the phase) is reduced below the shot-noise limit. This reduction must come at the cost of greater uncertainty in the other quantity by an amount that ensures the product of the uncertainties doesn't violate the uncertainty principle. Squeezed states of light can be particularly useful in measurements where the phase of light needs to be measured more precisely than the amplitude, or vice versa.
To prepare a squeezed state, the noise in both the amplitude and phase of a light beam has to be simultaneously manipulated. This is usually accomplished by having the light pass through a medium in which its amplitude exerts a feedback on its phase. Researchers first accomplished this experimentally in 1985 [2] with nonlinear optical media, in which the index of refraction varies with the light's intensity. It took more than two decades of further work before these states were ready for a practical application. Namely, improving the shot-noise-limited sensitivity of kilometer-scale laser interferometers, which are the basis of gravitational wave detectors [3, 4] .
An alternative to nonlinear optical media that may prove to be more flexible and cost effective is to perform what is called ponderomotive squeezing [5] . First proposed over four decades ago, the idea is to couple light's amplitude to its phase by using radiation pressure to push on a mechanical object that, in turn, feeds back on the light's phase. Figure 1 illustrates a simple way to think about this. Radiation pressure exerts a force on a mechanical oscillator inside of a cavity, causing it to move. The motion causes a shift in the phase of the light field, thus coupling the amplitude (intensity) and phase of the intracavity light field.
It is only in the past two years that this technique has been realized experimentally, in three rather distinct experimental settings: an ensemble of ultracold atoms in an optical cavity [6] , a micromechanical resonator coupled to a nanophotonic cavity [7] , and now, in the University of Colorado group's new work, by placing a vibrating membrane in the middle of an optical cavity [1] . In all three cases, the mechanical oscillators have a high quality factor, meaning they oscillate at a sharp resonant frequency with a low energy loss. The oscillators also have to be cooled to cryogenic temperatures so that any thermally induced motion is small compared to the radiation-pressure induced motion. The optical cavity is important because it boosts the strength of the optomechanical coupling between the intense laser beam and the oscillator.
In their setup, Purdy et al. placed a low-mass partially reflective membrane made of silicon nitride in the middle of an optical cavity and cooled the membrane to about 1 millikelvin. The incoming light beam was in a coherent state, with an equal amount of noise in the phase and amplitude. This beam exerted a pressure on the membrane, exciting the so-called drumhead vibration mode-an oscillation similar to that generated by a person jumping in the middle of a trampoline-which oscillates at a resonant frequency of 1.5 megahertz. The strong optomechanical coupling in their setup allowed them to squeeze light by 32% (1.7 decibels) below the shot-noise limit. Depending on the phase of the squeezed light relative to a reference light field, the researchers could maximize the squeezing in either the amplitude or the phase.
The level of squeezing Purdy et al. have achieved doesn't yet match that generated by nonlinear optical media, which, as of several years ago, exceeded 10 decibels [8] . 
